Background: Microscopic fungi are the biological agent of occupational risk in the woodworking environment. Microbiological and chemical methods were used for determination of their concentration and species composition in dust. Material and Methods: Dust was sampled in 3 factories producing furniture using different materials. The 1st factory (A) processes solid wood, the 2nd (B) -chipboards and the 3rd factory (C) uses both wood and wood composites. The samples were collected in 12 different workstations and locations in each factory. The quantitative content of fungal biomass was determined basing on analysis of ergosterol (ERG). The species composition of fungi was analyzed using the microbiological method basing on culture morphology. Results: The concentration of ergosterol was relatively low and ranged from 0.012 mg/kg to 3.36 mg/kg. The average value of ERG amounted to 1.25 mg/kg in factories A and C and 1.15 mg/kg in factory B. The most frequently isolated fungi in factory A and B were Penicillum and Aspergillus. However, in the factory C, only Trichoderma was isolated. The maximum concentration of fungi in dust collected in factory B was 2377 cfu/g and it is 3 times more than in the dust from factories A and C. Conclusions: Workers of furniture factories may be exposed to airborne fungi associated with the wood dust posing health hazard. The content of these fungi is relatively small (ERG -max: 3.36 mg/kg) but the species, especially genera Penicillum and Aspergillus, found in the dust which were reported as having allergic and toxic properties. Med Pr 2014;65(6): [705][706][707][708][709][710][711][712][713] 
studies. The content of this microbial biomass varies in individual facilities depending on the processed material (wood, boards) and the phase of the production cycle is correlated with the overall dust concentration in the air. In its presence, exposed workers develop increased susceptibility to allergic reactions and other respiratory diseases caused by microbial factors, especially some species of fungi (Aspergillus fumigatus, Penicillum spp., Cryptostroma corticale, rarely others) (9) (10) (11) .
The airborne dust particles can deposit on all of the open surfaces inside the production rooms. Bacteria and fungi can also grow and develop in a layer of settled dust. This dust is often a source of secondary air pollution by microbial factors.
The aim of this work was to determine the concentration and identification of microscopic fungi in dust settled inside the production rooms of furniture factories using microbiological and chemical methods. Chemical analysis was based on the investigations of ergosterol content and this type of analysis has not yet been carried out in the furniture industry.
MATERIAL AND METHODS
Samples of dust were collected in 3 furniture factories which differed in the kind of working material used in the production process. In factory A, furniture elements were made from solid beech, oak and alder wood, in factory B, furniture was made from board materials, such as MDF and chipboards and, in factory C -both kinds of wood and boards were used for furniture production. The dust came from 12 selected, characteristic for furniture production, places in each factory (Table 1) .
There were typical workstations in these factories. They were surfaces near woodworking machines, on the stored materials, on transporting ways and near the separating devices of dust exhausting systems. Due to the specific character of the investigations conducted, the surface of free settling could be neglected, while the weight of the settled dust was of greater importance for further analyses. The surfaces of the chosen places differed in the area due to various settling rates of dust. The area of dust sampling was relatively small, e.g., at a multi boring machine and large at timber storage. These were the technology surfaces not altered in any way for the planned tests. Exposure lasted for 7 consecutive working days. Dust samples were collected mechanically using a sterile spatula and placed in sterile sealed tubes. They were stored until the analysis in conditions of low temperature. The weight of
INTRODUCTION
Mechanical processing of wood and wood materials is connected with producing large amounts of waste. The smallest of them -dust particles -present a great problem in the working environment. Kauppinen et al. (1) estimated that about 3.6 million woodworkers in 25 member states of the European Union are occupationally exposed to inhalation of wood dust. Dustiness of the air in woodworking rooms is a cause of many disadvantageous phenomena. Some difficulties have been observed in the running of woodworking machines, higher fire and explosion risks as well as adverse negative health effects in the workers employed in woodworking industries (2) (3) (4) (5) .
A number of species of microorganisms may naturally occur and grow on the stored logs, lumber and chipped wood or wood waste. Their solid parts and biologically active products are being aerosolized during machining and other operations, e.g. transport. This is why air dustiness is associated with the occurrence of fungal and bacterial microflora which is a potential health hazard for workers of wood industry.
Decrease in air quality on woodworking stations caused by dust particles dispersed in the air can be a reason of harmful diseases and health problems. Occupational exposure to wood dust connected with working in wood processing industry, including sawmills, fiberboard and chipboard factories and furniture production, may be a risk factor for sinus and nasal cancer and lung cancer. It may also cause asthma and cough symptoms, respiratory problems, such as allergic alveolitis and chronic bronchitis, along with the eye, nose and skin irritation (6, 7) . Jacobson et al. (8) , on the basis of their literature review of associations between exposure to wood dust and respiratory diseases, stated that this exposure is a real risk factor for the development of asthma, rhino-conjunctivitis, chronic bronchitis, and the decrease of lung function, but the mechanisms are mostly unknown. There are exposures, such as airborne fungi, endotoxin and terpenes, which influence health hazards in the woodworking industry.
Reduced lung function and other respiratory symptoms can be directly induced by various factors. Bacterial endotoxins and mycotoxins can be mentioned among them. The occurrence of fungi and their biologically active products in the air in the industrial environment of wood processing industry factories, such as sawmills, furniture factories and fibreboard and chipboard factories, has been described in numerous Microfungal contamination of wood dust Nr 6 707 the collected dust was approximately 3-5 g. The dust was collected in 3 replications in each place. A total number of 108 samples of dust were tested for the content of fungal biomass. The moisture content of dust was not measured due to the small weight of samples. Quantitative determination of fungal biomass was done based on the chemical method of analysis of specific fungal marker, such as ergosterol. The scope of this work also included determining which fungal species occur in the analyzed dust. The analysis of species composition was done using the dilution method.
Analysis of ergosterol
Ergosterol extraction was performed based on the method by Lidia Szwajkowska-Michałek et al. (2010) (12) . A 100 mg sample was extracted with saponification by means of the microwave assisted extraction method using 2M NaOH. After neutralization, the samples were extracted with pentane (3 times; 4 ml). The ergosterol analysis was performed by a high-performance liquid chromatograph (Waters Corporation, Milford, MA, USA) with a UV detector (λ = 282 nm). Quantitation was based on the external standard method. The limit of detection was 0.01 mg/kg (12) .
Analysis of fungi occurrence in dusts
The analyses of the composition of viable fungi species occurring in average dusts' samples were done using the microbiological method. At the beginning of the analysis, 1 g of dust was placed in 10 ml of sterile distilled water and mixed with a magnetic stirrer for 2 min. Next, the 1 ml of suspension was carried on the PDA medium The Petri dishes were incubated at 25°C for 7 days. Growing mycelia were isolated on the PDA and SNA (Syntetic Nutrient -Poor Agar) mediums. Fungi were identified on the basis of culture morphology and sporulation on these specialist media using a microscope, based on the available mycological literature (13, 14) . The concentration of fungi was expressed as colony forming units per gram of settled dust (cfu/g).
RESULTS
The results of the analysis of ergosterol in dust obtained from furniture production factories are shown in Figures 1-3 .
In factory A (solid wood) higher content of ERG is present in the dust collected from the workstations than from the pre-treatment stations and the surfaces of timber storage as a raw material and a semi-finished product. Similarly high (more than 2 mg/kg) content was the timber storage area in factories A and C has a very similar content of ERG. In the storage area of chipboards in factory C, the ERG content is higher than in factory B. The difference amounted here to 0.35 mg/kg. The results of the analysis of the species composition of fungi in average dust samples are given in Table 2 . This analysis showed that the highest level of fungal contamination was found in a sample obtained from factory B. The cfu/g value here is approximately 2400, about 3 times higher than in the dust samples from other factories. Moreover, the biggest differences occurred here, the dominant species being of the genera Penicillium, Aspergillus and Trichoderma. Similar proportions of these fungi are present in the dust from factory A, but here there are no fungi of the genera Alternaria, Bipolaris, Botrytis, Cladosporium and Paeciliomyces. It is associated with the overall lower content of the micoflora in the dust. The percentage of different genera of fungi was shown on Figures 4-5. They depict the proportions of fungi in the dust from factories A and B. Factory C was not considered here because the whole isolated fungi belonged to only one genus -Trichoderma.
The highest frequency in the dust coming from the factory A was recorded for fungi from the genera Penicillium (54.25%) and Aspergillus (23.10%), while the lowest -for genus Mucor (2.76%). The most frequently observed fungi in the dust from factory B were the genera Penicillium (40.85%) and Aspergillus (23.47%), too. The genera Alternaria and Bipolaris (< 2%) have been identified as the least represented in this factory.
found in the dust coming from the areas surrounding the end devices of the dust collection system (fans and dust containers). This can be regarded as the increase in the ERG content in dust from workstations of the later stages of the working process, where climatic conditions are different from pre-treatment. The time during which the worked material is in the factory also increases.
Fewer workstations from factory B were taken into account in the study due to the relatively simple technology of furniture making of chipboards. Dust samples were taken from various locations within the selected stations. The content of ERG in the settled dust in less accessible places has been found to be several times higher. It was particularly related to the most important working stations in this factory: panel saw machine, CNC machining centre, edgebander. The dust settled near the fan and the dust container installed in the dust extraction system are characterized by relatively high levels of ERG, in spite of the fact that these devices are located outside the building of the production hall.
In the case of the factory carrying out the manufacturing processes of furniture using both solid wood and wood-based materials, the most characteristic workstations of these processes were included in this study. These workstations are similar to those with which factories machining separately solid wood and chipboards are equipped. For this reason, there is a direct parallel between the workstations of factory C and positions selected in factories A and B. Therefore a direct comparison between them can be made. The dust settled on 
DISCUSSION
In general, it can be said that the content of ERG is very low in comparison with the dust of different origin contaminating the work environment and other places where people live. In some works, the authors presented values reaching tens of mg/kg and, in extreme cases, even more than 200 mg/kg (12) . These works focused on the analysis of samples of plant origin, such as cereals. There is no comparative data in the literature available on ERG content in wood dust, especially from furniture factories. Such a low level of ERG content in analyses of the dust is undoubtedly related to the overall low content of fungal microflora in the air inside furniture factories and other institutions related to wood working and wood materials. In some studies on the effects of occupational exposure to the air containing microorganisms' levels of fungi that cause the risk of respiratory diseases, allergies, etc. were found relatively low or dropped during further stages of production processes (15, 16) . Despite this, it is possible to notice a variation in the obtained contents of ERG depending on the type of the technological processes carried out in the factories and their stage.
A species composition similar to the one recorded in this study was given by various authors in the studies on the content of fungi associated with wood dust in the air of woodworking factories. Dutkiewicz et al. (17) (20) for Croatian sawmills processing beech and oak wood. Nevertheless, according to other authors dealing with this problem, the most frequently isolated fungi from the air of wooden panel producing factory were Paecilomyces puntonii, Rhizopus nodosus and R. stolonifer (21) .
The relatively high content of Penicillium and Aspergillus in the tested dust is thus similar to the most recent reports indicating their dominating frequency in the dust contaminating the air in the woodworking industry. This is especially important because fungi of the Penicillium spp. and Aspergillus spp. genera are ascribed to the common cause of work-related health diseases (22, 23) .
To some extent, a surprising result was given by the analysis of the dust sample from factory C since only fungi of the Trichoderma genus have been isolated. It can be explained by its antagonistic effects on other species of fungi. This interaction is the inhibition of the growth of other species. This type of interaction between fungi of such genus as Trichoderma, Penicillium and others were already described in the literature (24, 25) . The effect of this interaction would be in this case particularly strong due to the high content of fungi Trichoderma -846 cfu/g. It is two times more than in the dust samples from factory B and almost 10 times more than in the sample from factory A.
CONCLUSIONS
Although the content of the fungal microflora in the dust coming from various positions connected with the processing of wood and wood-based materials in the studied factories is relatively small, and in some cases, even minimal, there may be a risk of occupational diseases, with respect to which species of fungi occur in the dust. Consequently, the problem of reducing dust emissions generated during the machining operations in the woodworking industry is still a vital issue. It is therefore strongly recommended to limit its formation using all possible ways, take care of the proper efficiency of the exhaust system which prevents the dustiness of the air in factories and dust settling on the surfaces there.
